Fate of germ cells in 2,5-hexanedione-induced testicular injury. I. Apoptosis is the mechanism of germ cell death.
2,5-hexanedione (2,5-HD) is a Sertoli cell toxicant which causes germ cell loss and testicular atrophy in the rat. The mechanism of germ cell death over the course of 2,5-HD treatment is not known nor is the reason why residual germ cells do not repopulate the seminiferous epithelium following toxicant withdrawal. In the current study, the role of apoptosis in germ cell loss was studied. Male Fischer rats were treated for up to 5 weeks with 1% 2,5-HD in the drinking water and killed between 0 and 12 weeks after the start of toxicant exposure. Apoptosis was assessed in control and treated animals by (1) DNA fragmentation detected by gel electrophoresis, (2) cellular morphology on plastic sections, and (3) DNA fragmentation in situ by terminal deoxy-nucleotidyl transferase-mediated digoxigenin-UTP nick end label (TUNEL) staining of testis cross sections. All three indices demonstrated a substantial increase in apoptosis which peaked at 5 weeks of 2,5-HD treatment. Morphological analysis determined that apoptosis occurred in germ cells of the seminiferous epithelium. DNA fragmentation determined by gel electrophoresis was barely detectable until 5-6 weeks of toxicant exposure. However, TUNEL staining of testis cross sections indicated that germ cell apoptosis increased after as early as 2 weeks of toxicant exposure, providing a highly sensitive biological marker of toxicant-induced testicular injury. These data also suggested a differential sensitivity of germ cells to toxicant exposure with spermatid apoptosis occurring first at 4-5 weeks of treatment followed by apoptosis of spermatocytes and spermatogonia between 6 and 12 weeks. Together, these data demonstrate that apoptosis is the mechanism of germ cell loss in 2,5-HD-induced testicular injury.